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REMARKS 

Claims 3 1-72 are pending in this application. Claim 3 1 has been amended to indicate 
that detection can be achieved by assessing the formation of either AMP or Pj, rather than requiring 
assessment of both AMP and Pj. This is supported by the specification at paragraph [0090], which 
states that dephosphorylation of PAP can be assessed by assessing formation of either AMP or Pj. It 
is also supported by previously presented claim 50. The amendment thus adds no new matter, and 
entry of the amendment is respectfully requested. 

The Examiner rejected claims 31-72 for alleged failure to satisfy the enablement 
requirement. The applicants traverse this rejection, and respectfully requests reconsideration for the 
following reasons. 

The Examiner previously asked what the meaning of the terms "inter-assay" and "intra- 
assay" were; the question was not understood as a basis for rejection of the claims, since they are 
not directly related to the table using those terms in any apparent way, and the applicant offered 
explanation of the terms. The Examiner asserts that the explanation provided "is not understood", 
and that it is not explained in the specification, and said "applicant should provide a prior art 
reference stating this". Now the Examiner appears to base a rejection on the Table containing those 
terms, even though they are only used in Tables that relate to the precision of the assays. 

Respectfully, the terms at issue are commonly used and widely understood in the art. As 
evidence that these terms were well known before the application was filed, a reference using them 
to describe and evaluate an analytical assay is attached as Exhibit A. The Examiner's attention is 
directed to the Results summary in column 1 on page 908 of Exhibit A. Moreover, their meaning is 
that which results from the common practice of combining the well-known prefixes "inter" and 
"intra", with the well known term "assay". "Intra-assay" refers to assays run together, using 
commonly prepared reagents, etc., and 'inter-assay' refers to variability across separately set up 
assays such as those run on different days. The Exhibit has no technical relationship to the subject 
matter of the claims, but it establishes that persons of skill in the art would have understood these 
terms as used in the specification in connection with quantifying the results of an analytical assay. 
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More importantly, however, the patentability of the claims does not rely in any way on 
the terms in question. 

The Examiner asserted that 'intm-assay' refers to the result of a single experimental 
determination, and 'inter-assay' measures the variability made in separate experimental 
determinations, and said: 

This would appear to relate to whether the conditions of the experimental 
determinations were done carefully and correctly by the person carrying them out, not 
to the validity of the claimed method. The meaning of "CV%" in the same two tables 
was asked and applicant replies that it refers to standard deviation for a series of 
measurements of a parameter, divided by the mean value of the parameter. Looking 
again at Tables 4 and 7 with these elucidations, it is not seen how these results teach 
that the level of sodium or lithium levels in a sample can be assayed with any 
certainty by reacting the sample with 3 '(2'), 5'-bisphosphate nucleotidase and 
measuring its activity. There are apparently not any results where different known 
concentrations of sodium or lithium are place [sic] in samples and they are then 
assayed with this method. . ..It is maintained that one of ordinary skill in the art could 
not practice the claimed invention without undue experimentation given the 
disclosure of the instant specification." 

A rejection for lack of enablement requires the Examiner to show that one of ordinary 
skill, in view of the specification, would not have been able to practice the claimed invention 
without undue experimentation. The Examiner focused this rejection on terms in Tables 4 and 7, 
which are not directly related to the claims, rather than on the teachings of the specification as a 
whole. Those terms, even if unclear to the Examiner, do not demonstrate that enablement is lacking 
because they are not essential to the enablement of the claims. 

The applicants have provided evidence that the terms used in the Tables on which the 
Examiner has focused in this and the preceding Office Action would have been understood by one 
of skill in the art. However, regardless of what is disclosed in those Tables, the remainder of the 
specification cannot be ignored. It provides two working examples, Examples 1 and 2. The 
operability of those Examples is clear from the description of the results and from the nicely linear 
graphs in Figures 1 and 2, which the specification says were produced by the methods in the 
examples. The Examiner has not offered any reason to doubt the objective truth of those 
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disclosures, which provide strong evidence that the method was enabled by the specification as 
filed. Accordingly, there is ample evidence that the claims are enabled, and in the absence of 
reasoning to explain why undue experimentation would be required to practice those methods, this 
rejection should be withdrawn. 

The Examiner asserted that there is no example in the specification showing that the 
claimed method was actually used to assay different concentrations of ions. First of all, even if 
there were no working examples, that would not establish that the claims are not enabled: an 
invention can be properly described and claimed without an actual reduction to practice. (MPEP 
2164.02: "An applicant need not have actually reduced the invention to practice prior to filing," 
citing Gould v. Quigg, 3 USPQ2d 1302 (Fed. Cir. 1987). See also MPEP 2164.02: "The mere fact 
that something has not previously been done clearly is not, in itself, a sufficient basis for rejecting 
all applications purporting to disclose how to do it." 822 F.2d at 1078, 3 USPQ2d at 1304 (quoting 
In re Chilowsky, 229 F.2d 457, 461, 108 USPQ 321, 325 (CCPA 1956)).) Even without specific 
examples, the Examiner bears the burden to provide a reasoned basis to assert that enablement is 
lacking. (MPEP 2164.04: "In order to make a rejection, the examiner has the initial burden to 
establish a reasonable basis to question the enablement provided for the claimed invention. In re 
Wright, 999 F.2d 1557, 1562, 27 USPQ2d 1510,1513 (Fed. Cir. 1993) (examiner must provide a 
reasonable explanation as to why the scope of protection provided by a claim is not adequately 
enabled by the disclosure).") Here, the Examiner's argument appears to be, in essence, an 
allegation that no specific example is provided. Even if that were the case, which it is not, more 
would be required to establish non-enablement. (MPEP 2164.04: "According to In re Bowen, 492 
F.2d 859, 862-63, 181 USPQ 48, 51 (CCPA 1974), the minimal requirement is for the examiner to 
give reasons for the uncertainty of the enablement. This standard is applicable even when there is 
no evidence in the record of operability without undue experimentation beyond the disclosed 
embodiments.") The stated rejection does not provide a reasoned basis to question the enablement 
of the claimed invention, and should be withdrawn. 

In addition, the Examiner's allegation that no working example was provided is 
incorrect. The specification discloses, for example, Figures 1 and 2, which depict experimental 
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results from Examples 1 and 2, respectively, as is stated in the specification. Paragraphs [0012] and 
[0013]. Those Figures display the results of measurements made by the claimed methods: each 
graph provides a line correlating the concentration of sodium or lithium in a sample to an observed 
measurement made by the methods disclosed in the specification. The graphs show specific data 
points and a statistical analysis, which shows that they represent experimental results across a range 
of ion concentrations. The examples and Figures are clear evidence of actual reduction to practice 
and evidence that the claimed methods work. Unless the Examiner can offer a reasoned basis to 
doubt the objective truth of those disclosures, they prove the invention was reduced to practice and 
that it works as described. The only deficiency actually alleged by the Examiner in this enablement 
rejection was the lack of 'results where different known concentrations of sodium or lithium 
are. . .assayed with this method". These disclosures demonstrate that such results are in the 
specification; accordingly, this rejection should be withdrawn. 

The Examiner focused on terms in certain Tables, which relate to and prove the precision 
of the claimed methods, but apparently ignored the associated description of the methods in the 
specification. The discussion associated with Table 4, which is related to the sodium assay, says, 
u The assay had a wide measuring range from 80 to 180 mmol/L." (Para. [001 13], for the sodium 
assay.) With regard to the lithium assay method associated with Table 7, it says, "The assay had a 
wide measuring range from 0 to 3 mmol/L." (Para. [00123].) These statements show the method 
was practiced using varying concentrations of ions, and that it worked; the Tables demonstrate that 
it is highly reproducible, but that is icing on the cake, not the basic evidence that the methods work. 
Again, unless the Examiner can offer a reason to doubt the objective truth of these statements 
showing that the methods were successfully used, they establish that the method was used as 
claimed, and it actually worked. 

Furthermore, the specification provides a great deal of additional enabling description in 
paragraphs [0057]-[0086] for the method to measure sodium, and in paragraphs [0087]-[001 10] for 
the methods to measure lithium. The Examiner has focused only on certain terms in two Tables out 
of the entire specification, and has made no effort to explain why all of these detailed disclosures 
would not be sufficient to enable a person to practice the claimed invention. There is abundant 
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evidence in the specification that the claimed methods work, and extensive guidance on how it can 
be used and varied. That is strong evidence of enablement, which the Examiner has apparently not 
properly considered, and none of it depends on the clarity or meaning of the terms on which the 
Examiner has focused. In view of that extensive guidance for practicing the invention, this rejection 
should be withdrawn. 

In summary, the Examiner has not provided a reasoned basis as is required to reject 
claims for lack of enablement. The absence of working examples, even if true, would not be 
sufficient under the applicable standards discussed above. The instant specification provides 
working examples as well as data in Figures 1 and 2 that was generated using those examples; thus 
the allegation that no working examples are provided has been rebutted. In addition, there are many 
pages of description to guide the person of ordinary skill in practicing the claimed invention across 
a range of variations. No reasoned basis has been provided to explain why one of ordinary skill 
would need further guidance or would have to engage in undue experimentation to practice the 
claimed invention in light of this guidance and the working examples. Accordingly, the applicants 
request that this rejection be withdrawn. 

In view of the above, each of the presently pending claims in this application is believed 
to be in immediate condition for allowance. Accordingly, the Examiner is respectfully requested to 
withdraw the outstanding rejection of the claims and to pass this application to issue. If it is 
determined that a telephone conference would expedite the prosecution of this application, the 
Examiner is invited to telephone the undersigned at the number given below. 
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In the event the U.S. Patent and Trademark office determines that an extension and/or 



other relief is required, applicant petitions for any required relief including extensions of time and 
authorizes the Commissioner to charge the cost of such petitions and/or other fees due in connection 
with the filing of this document to Deposit Account No. 03-1952 referencing docket no. 
466992001 100. However, the Commissioner is not authorized to charge the cost of the issue fee to 
the Deposit Account. 

Dated: November 21, 2006 Respectfully submitted, /? 




Registration No.: 44,422 



MORRISON & FOERSTER LLP 
12531 High Bluff Drive, Suite 100 
San Diego, California 92130-2040 
(858) 720-5113 
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Time-resolved Fluorometric Assay for 
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Decarboxylase (GAD65) 

Matti Ankelo, 1 * Annette Westerlund-Karlsson, 1 Jorma Ilonen, 2 Mikael Knip, 3 ' 4 
Kaisa Savola, 5 Pasi Kankaanpaa, 6 Liisa Merio, 6 Harri Siitari, 6 and Ari Hinkkanen 1 



Background: Type 1 diabetes mellitus results from 
destruction of the pancreatic insulin-producing beta 
cells by a chronic autoimmune process. Methods are 
needed for the detection of circulating autoantibodies to 
glutamic acid decarboxylase (GAD65), a major marker 
of this process. 

Methods: Streptavidin-coated microtiter plates were in- 
cubated with biotinylated GAD65, and after incubation 
with serum samples from patients with type 1 diabetes 
mellitus and control individuals, europium-labeled 
GAD65 was added. After washing steps, the delayed 
fluorescence was measured in duplicate in a fluorome- 
ter. Samples collected from 100 patients with newly 
diagnosed type 1 diabetes mellitus and 100 healthy 
controls were measured by the new assay and by a 
radiobinding assay. 

Results: The detection limit of the new assay was 1.49 
WHO units/mL, the calibration curve was linear to 4 140 
WHO units/mL, and no hook effect was observed up to 
41 400 WHO units/mL. The intraassay CV was 2.1-6.3% 
over the calibration range. For patient serum samples, 
the intraassay, interassay, and total CVs were 5.4-7.0%, 
9.8-13%, and 12-14%, respectively. Compared with con- 
ventional radioimmunologic methods, the analytical 
range was broader and the analysis time required to 
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perform the measurements was shorter. At a cutoff with 
99% specificity, the new assay and the radiobinding 
assay were positive in 71 and 67 patients, respectively. 
Conclusions: The new assay provides a rapid and sen- 
sitive nonradioactive method applicable for large-scale 
screening for beta-cell autoimmunity. It has a broad 
linear analytical range, is easy to perform and automate, 
and has sensitivity and specificity comparable to those 
for the conventional radioisotope assay. 
© 2003 American Association for Clinical Chemistry 

Type 1 diabetes mellitus is thought to result from an 
autoimmune process in which the insulin-producing beta 
cells of the pancreas are destroyed. It now seems that the 
appearance of autoantibodies to beta-cell antigens, such 
as those against the 65-kDA isoform of glutamic acid 
decarboxylase (GAD65) 7 and the protein tyrosine phos- 
phatase-like insulinoma associated protein 2 (IA-2) in the 
peripheral circulation is a predictive sign of clinical dis- 
ease. GAD65 antibodies are one of the major markers of 
the disease, and can be used for disease prediction in 
nondiabetic individuals (1, 2) and for identification of the 
type of diabetes, e.g., in patients with late-onset autoim- 
mune diabetes (LADA) (3,4). An approach aimed at 
preventing the progression to clinical disease would be 
preferable to replacement therapy with exogenous insulin 
in overt disease. This requires the identification of mark- 
ers that predict with high reliability progression to clinical 
type 1 diabetes. Genetic screening of individuals for 
certain HLA risk alleles, combined with the analysis of 



7 Nonstandard abbreviations: GAD65, 65-kDA isoform of glutamic acid 
decarboxylase; LADA, late-onset autoimmune diabetes in adults; CADA, 
autoantibody to GAD65; IA-2, protein tyrosine phosphatase-like insulinoma 
associated protein 2; IA-2A, autoantibody to IA-2; RBA, radiobinding assay; 
DTTA, N 1 -(p-isothiocyanatobenzyl)-diemylenetriamine-N , < N 2 < N 3 ,N 3 -tetraace- 
tic acid; RU, relative unit{s); TPO, thyroid peroxidase; Tg, thyroglobulin; and 
DASP, Diabetes Autoantibody Standardization Program. 
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autoantibodies to GAD65 (GADAs) and IA-2 (IA-2As), 
allows selection of individuals for whom preventive treat- 
ment may be considered. It is therefore important to 
develop sensitive and rapid methods to assess the pres- 
ence of autoantibodies in body fluids of individuals 
belonging to risk groups. Although GADAs and IA-2As 
may not be directly involved in the pathogenic processes 
in beta-cell destruction, they are good markers in assess- 
ing the risk of disease manifestation. It has become 
evident that the simultaneous presence of more than one 
autoantibody type, such as GADAs, IA-2As, and insulin 
autoantibodies together with islet cell autoantibodies 
(ICAs), is highly predictive of progression to clinical 
disease, although the time point of disease presentation 
can not yet be predicted reliably (5). 

Several different methods have been developed for the 
detection of GADAs, and some assays are available com- 
mercially. A radiobinding assay (RBA) has been widely 
used and has been demonstrated as reliable in the past 
(6, 7). In the RBA, the antigen is produced in vitro in the 
presence of a radioactive label, usually [ 35 S] methionine. 
Aliquots of the antigen are allowed to react with serum 
samples, and the immune complexes are captured with 
protein A Sepharose and counted. Improved RBA meth- 
ods have been published (8,9). We have used a GAD65- 
IA-2 fusion protein in the detection of GADAs and IA-2As 
(10), and alternative radioimmunologic methods use an 
l25 I-labeled GAD65 (U-13). Although widely used, these 
methods suffer from complicated reagent synthesis and 
long measurement times. In addition, formats in which 
gel beads are used to capture immune complexes do not 
allow automation at efficiencies similar to those for solid- 
phase methods. ELISA methods have also been estab- 
lished (14-17). Wild et al. (25) developed an ELISA 
method that gave a disease sensitivity of 69% and a 
specificity of 98%. 

Time-resolved fluorometry and fluorescent lanthanide 
chelate labels were introduced in immunoassays 20 years 
ago (18, 19). The fluorescence of the lanthanides, e.g., 
europium (Eu 3+ ), is long-lived and allows differentiation 
of the short-lived background fluorescence of biological 
material, plastics, and optics (20). The high specific activ- 
ity of the label enables immunoassays with a low detec- 
tion limit while minimizing the nonspecific binding of the 
labeled bioaffinity molecule (18, 21). A time-resolved flu- 
orescence imaging method for the quantification of ICAs 
on pancreas sections has been published (22). In the 
present communication we describe the development of a 
rapid and convenient fluorometric method based on time- 
resolved fluorescence of Eu 3+ chelate (23 ) for the analysis 
of GADAs and compare the data with those obtained with 
a conventional RBA. 

Materials and Methods 

REAGENTS AND INSTRUMENTATION 

GAD65 protein was purchased from Diamyd Diagnostics 
AB and stored in aliquots at -70 °C until used. The 



protein is a recombinant human 65-kDa GAD isoform, 
expressed via baculoviral infection of Spodoptera frugiperda 
(Sf9) insect cells. 

Biotinamidocaproic acid 3-sulfo-N-hydroxysuccini- 
mide ester was purchased from Sigma. Strep tavid in- 
coated microti ter plates, N 3 -(^-isothiocyanatobenzyl)-di- 
ethylenetriamine-N 7 ,/V 2 ,N 3 ,iV 3 -tetraacetic acid (DTTA)- 
europium chelate, Delfia Assay Buffer, Wash Solution, 
Enhancement Solution, and the europium calibration so- 
lution for the fluorometric assays were obtained from 
PerkinElmer Life and Analytical Sciences Wallac Oy. 
NAP-5 gel filtration columns were purchased from Am- 
ersham Pharmacia Biotech. All other reagents were ana- 
lytical grade. 

The Delfia 1234 Plate Fluorometer, Delfia Plateshake, 
and Delfia Platewash are products of PerkinElmer Life 
and Analytical Sciences Wallac Oy. 

SAMPLE AND CALIBRATION MATERIAL 

We analyzed 100 serum samples from children and ado- 
lescents with newly diagnosed type 1 diabetes (53 males; 
mean age, 11.5 years; range, 7.2-15.9 years) and 100 
control individuals (52 males; mean age, 11.5 years; range, 
7.1-15.9 years). The patient samples were taken at the 
time of diagnosis before starting insulin therapy. For 
calibration, a local serum pool highly positive for GADA 
and a GADA-negative serum pool were used. WHO 
Reference Reagent (Islet Cell Antibodies 97/550) (24) was 
purchased from National Institute for Biological Stan- 
dards and Control (United Kingdom). 

BIOTINYLATION AND EUROPIUM LABELING OF GAD65 

Biotinylation was performed at room temperature for 4 h 
in a solution containing 50 mmol/L HEPES (pH 7.4) and 
9 g/L NaCl. A 30-fold molar excess of biotinamidocaproic 
acid 3-sulfo-N-hydroxysuccinimide ester was used. The 
biotinylated GAD65 was separated from free biotinylation 
reagent by gel filtration on a NAP-5 column. An elution 
buffer containing 50 mmol/L HEPES (pH 7.4), 9 g/L 
NaCl, and 0.5 g/L NaN 3 was used. 

Europium labeling of GAD65 was performed at 4 °C 
for 16-20 h with a 50-fold molar excess of DTTA-eu- 
ropium chelate in 50 mmol/L NaHC0 3 -Na 2 C0 3 buffer 
(pH 9.3) containing 0.9 g/L NaCl. The Eu 3+ -labeled 
GAD65 was purified by gel filtration on a NAP-5 column 
as above. The number of Eu 3 ' chelates covalently bound 
to one GAD65 molecule (labeling degree) was typically 
10-17 when measured against a Eu 3+ calibration solution. 

GADA TIME-RESOLVED FLUOROMETRIC PROCEDURE 

The fluorometric assay was performed in streptavidin- 
coated microtiter strip wells according to the following 
three-step procedure: In each well, 75 ng of biotinylated 
GAD65 in 100 /u,L of Delfia Assay buffer was incubated for 
45 min at room temperature with continuous shaking on 
a Delfia Plateshake. The wells were washed once with 
Delfia Wash Solution on a Delfia Platewash. We then 
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added 50 /xL of Delfia Assay buffer and 10 /iL of serum 
sample or calibrator to each well and incubated the strips 
for 45 min at room temperature on a Plateshake. After two 
washes, we added 25 ng of Eu 3+ -labeled GAD65 in 75 yL 
of Delfia Assay buffer and continued the incubation for 30 
min at room temperature with continuous shaking. After 
four washing rounds, we added 100 /xL of Delfia En- 
hancement solution to each well and incubated the strips 
on a Plateshake for 15 min at room temperature. The 
fluorescence was measured in a Delfia 1234 Plate Flu- 
orometer. All samples were analyzed in duplicate. The 
Wallac Multicalc program was used for calculating the 
results. Linear weighted regression was used for calibra- 
tion curve fitting. The design of the assay is presented 
schematically in Fig. 1. 

The calibrators were obtained by diluting a highly 
GADA-positive serum pool in series with a GADA- 
negative serum pool. The 10-fold dilution was chosen to 
represent 100 relative unit(s)/mL (RU/mL). The calibra- 
tors were also calibrated against WHO reference material 
97/550. One RU corresponded to 41.4 units of WHO 
97/550. 

COMPETITIVE INHIBITION 

GAD65 protein to be used as a competitor was diluted in 
50 mmol/L Tris-HCl (pH 7.4) containing 1 g/L bovine 
serum albumin. Increasing amounts of G AD65 (from 0 to 
100 ng per well) in 5 /iL were incubated for 45 min at 
room temperature together with 10 jiL of serum sample 
and 50 /xL of Delfia Assay buffer in each well. Otherwise 
the GADA fluorometric assay was performed as de- 
scribed above. 




Fig. 1. Schematic of the GADA time-resolved fluorometric assay. 
In the first incubation, biotin (B)-labeled GAD65 is bound to streptavidin {SA) 
coating. Autoantibodies in the sample recognize the antigen in the second 
incubation and are detected by europium (EuHabeled GAD65 in the third phase 
of the assay. 



RBA 

The RBA was performed in the Research Laboratory, 
Department of Pediatrics, University of Oulu, as de- 
scribed previously (25). Briefly, RNA was obtained from 
the plasmid pGEM3 containing the human GAD65 gene 
in an in vitro transcription-translation reaction, where the 
RNA was translated in the presence of [ 35 S] methionine. 
Radioactive GAD65 protein aliquots (20 000 cpm) were 
incubated overnight in a 96-well microtiter plate at 4 °C 
with serum samples (2 jxL) in Tris-buffered Tween (50 
mmol/L Tris, 150 mmol/L NaCl, 1 g/L Tween-20, pH 
7.4); the total volume was 50 /iL. The immune complexes 
were isolated by adding 7.5 mg of protein A Sepharose 
(Amersham Pharmacia Biotech), diluted to a total volume 
of 100 /xL with Tris-buffered Tween, to each well. After 
washing, the bound activity was measured in a liquid 
scintillation counter (1450 Microbeta Trilux; PerkinElmer 
Life Sciences Wallac Oy). The results were expressed in 
RU/mL based on a calibration curve constructed from the 
dilution of a pool of highly GADA-positive samples with 
a negative sample. According to the definition, the RU in 
the RBA assay were not equal to the RU in time-resolved 
fluorometric assay. The cutoff limit for antibody positivity 
in the RBA was set at the 99th percentile for 373 nondia- 
betic Finnish children and adolescents, i.e., 5.35 RU/mL 
corresponded to 14.13 WHO units/mL. 

Results 

ASSAY OPTIMIZATION 

During assay development, we tested a large number of 
different assay conditions and their combinations. For 
example, for the biotinylation and labeling of GAD, the 
GAD concentration, the molar excess of labeling reagent, 
reaction temperature, time, and pH were optimized. In 
addition, the number of reaction steps, the amounts of the 
different reaction components, reaction time and volume, 
sample volume, number of washing steps, volume of 
enhancement solution, and other conditions were defined. 
The influence of different combinations on assay perfor- 
mance was tested. 

SPECIFICITY OF ANTIBODY BINDING 

The specificity of GADA binding was investigated by 
competitive inhibition experiments using pure GAD65 
protein as a competitor. Eight GADA-positive sera were 
tested with increasing amounts of GAD65 in the sample 
incubation step of the fluorometric assay. GADA binding 
was totally inhibited and the fluorescence signal de- 
creased to background when 100 ng of GAD65 per well 
was used. One sample had an extremely high GADA 
concentration and was diluted 100-fold before inhibition 
could be achieved (Fig. 2). 

ASSAY PERFORMANCE CHARACTERISTICS 

The calibration curve was linear over the whole measure- 
ment range (0.1-100 RU/mL), and no high-dose hook 
effect was observed up to 1000 RU/mL. 
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Fig. 2. Competitive inhibition of binding of GADA to biotinylated GAD65 
with pure GAD65. 

{A), results for six low GADA-positive sera. (B), results for a high GADA-positive 
serum (O) and for an undiluted {□) and 100-fold diluted (■) extremely high 
GADA-positive serum sample. 



Reproducibility. The intraassay CV was 2.1-6.3% (n = 12) 
over the calibration range. 

The total CVs for the GADA time-resolved fluoromet- 
ric assay were determined in 20 runs (four replicates per 
run), using four serum samples that represented clinically 
relevant GADA concentrations. Two persons performed 
the analyses independently during more than 2 weeks, 
using two different reagent lots and pipetting schemes. 
The results are summarized in Table 1. The mean intraas- 
say, interassay, and total CVs were 6.3%, 11%, and 13%, 
respectively. 

Table 1. Intraassay, interassay, and total variation for the 
GADA fluorometrlc assay. 

cv, % 





Mean GADA, 








Sample 


RU/mL 


Intraassay 


Interassay 


Total 


1 


1.21 


7.0 


12 


14 


2 


4.99 


5.4 


10 


12 


3 


11.06 


7.0 


9.8 


12 


4 


24.45 


5.7 


13 


14 


Mean 




6.3 


11 


13 



For the RBA method, the intraassay CV was 7.8% and 
5.5% (n = 10) at GADA concentrations of 14.6 and 100.2 
RU/mL; the interassay CV was 18% (n = 10) and 12%, 
respectively, at the same concentrations. 

The interlaboratory reproducibility was good (y = 
0.8946* + 0.2251 RU/mL; r = 0.988; n = 200), when the 
GADA time-resolved fluorometric assays were performed 
blindly in two independent laboratories. 

Limit of detection. The detection limit of the time-resolved 
fluorometric assay was typically 0.036 RU/mL, corre- 
sponding to 1.49 WHO units/mL, when defined as the 
signal + 3 SD for a negative serum. 

Linearity. Four patient serum samples in the range 1.25- 
36.45 RU/mL were serially diluted with 50 mmol/L 
Tris-HCl (pH 7.8) buffer containing 9 g/L NaCl and 1 g/L 
bovine serum albumin. The observed vs calculated 
GADA concentrations were determined in four different 
dilutions. Each dilution was measured twice in two 
replicates. The mean of all observed values was 105% of 
the calculated values, and the total range was 92-124%. 
The mean results for each of the four sample dilution 
series were 98-114%, and the linear regression coefficient 
(r) was >0.9989 for all of the series. 

Recovery. Three different concentrations (0.5-12.5 RU/ 
mL) of monoclonal anti-GAD antibody MAB351R 
(Chemicon International) were added to three serum 
specimens containing a known amount of GADA. The 
mean recovery was 95%, and recovery range was 86- 
104% when three replicates were used in each assay. 

Cross-Reactivity. Anti-thyroid peroxidase (TPO) and /or 
anti-thyroglobulin (Tg) autoantibodies have been shown 
to coincide with GAD65 autoantibodies (26). When 
known concentrations (0.5-12.5 RU/mL) of monoclonal 
anti-GAD antibodies were added to serum samples con- 
taining known concentrations of anti-TPO or anti-Tg 
autoantibodies, serum samples with anti-TPO autoanti- 
bodies showed little and samples with anti-Tg autoanti- 
bodies showed no cross-reactivity. The mean recoveries of 
anti-GAD antibodies were 69% and 99%, respectively. 

Interference. No interference was observed when the 
GADA assay was run with hemolytic sera (0.5-10 g/L), 
lipemic sera (0.25-10 g/L), and sera containing rheuma- 
toid factors (n = 5). The mean GADA recoveries were 
102%, 97%, and 91%, respectively. 

CLINICAL RESULTS 

We assayed 100 sera from individuals with newly diag- 
nosed type 1 diabetes and 100 sera from healthy control 
individuals blindly in two independent laboratories with 
the time-resolved fluorometric method. As a comparison, 
the samples were also analyzed for the presence of 
GADAs in the conventional in vitro RBA. The distribution 
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of GADAs in the samples based on the results obtained in 
our laboratory is presented in Fig. 3. The mean GADA 
value was 21.10 RU/mL in the patients with type 1 
diabetes and 0.074 RU/mL in the healthy controls in the 
GADA time-resolved fluorometric assay. The median 
values were 1.028 and 0.049 RU/mL, respectively. The 
cutoff was set at the 99th percentile in the present series of 
100 healthy control children, i.e., 0.404 RU/mL, corre- 
sponding to 16.73 WHO units/mL. The ROC curves for 
the GADA time-resolved fluorometric assay and RBA 
results are shown in Fig. 4. The areas under the curves 
were 0.94 [95% confidence interval (CI), 0.91-0.97] for the 
time-resolved fluorometric assay and 0.98 (95% CI, 0.97- 
1.00) for the RBA. According to the cutoff definition (the 
99th percentile), both the time-resolved fluorometric as- 
say and the RBA methods detected 1 GADA-positive 
individual among the 100 controls. Among the 100 pa- 
tients with type 1 diabetes, 71 and 67 were GADA- 
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Fig. 3. Distribution of GADA time-resolved fluorometric assay results 
for 100 children with diagnosed type 1 diabetes and 100 control 
children. 

The dashed line indicates the cutoff value 0.404 RU/mL corresponding to the 
99th percentile in the control children. 
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Fig. 4. ROC curves for GADA RBA (thin line) and time-resolved 
fluorometric assay [thick line) results from 100 children with diag- 
nosed type 1 diabetes and 100 control children. 
Sensitivity was calculated as the proportion of diabetic children with antibody 
concentrations equal to or higher than each decision threshold, and (100 - 
specificity) was calculated as the proportion of control children with antibody 
concentrations higher than the same threshold. The areas under the curves were 
0.94 (95% CI, 0.91-0.97) for the time-resolved fluorometric assay and 0.98 for 
the RBA (95% CI, 0.97-1.00). 

positive in the time-resolved fluorometric assay and RBA, 
respectively. 

Two samples weakly positive in the RBA were not 
detected by the time-resolved fluorometric assay, and 65 
individuals were positive with both methods. Addition- 
ally, the time-resolved fluorometric assay classified as 
positive six individuals who were negative in the RBA. 
All of them, except for one clearly positive, were slightly 
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above the cutoff limit for GADA positivity. Fig. 5 shows 
the comparison of GADA detection by the time-resolved 
fluorometric and RBA methods. The present cutoff limit 
of the time-resolved fluorometric assay is probably not 
optimal, however, because the final adjustment will re- 
quire measurement of several hundreds of healthy con- 
trols and careful analysis of age-dependent variation in 
the background values. 

In addition to the Finnish samples, we analyzed two 
sets of serum samples from the Diabetes Autoantibody 
Standardization Program (DASP) 2002, in total 50 patients 
with type 1 diabetes and 100 controls. Our results showed 
satisfactory performance characteristics with a sensitivity 
of 84% (95% CI, 0.72-0.92) and a specificity of 94% (95% 
CI, 0.88-0.97). In comparison, the RBA achieved 82% 
sensitivity (95% CI, 0.69-0.90) and 98% specificity (95% 
CI, 0.93-0.99). Among the GADA assays used by the 
DASP 2002 participants, our method was the only one 
based on fluorometry. 

Discussion 

Standardization of assay conditions for the detection of 
diabetes-associated autoantibodies and reporting of the 
results in uniform international units is critical to research 
and the development of assays for the autoantibodies. The 
fact that sizeable variation in estimated GADA concentra- 
tions in standard serum samples was observed between 
laboratories (24) emphasizes the importance of using 
reproducible methodologies with internal and external 
standardization to obtain comparable interlaboratory re- 
sults. Accordingly, the differences between various assay 
systems are of critical importance. A rapid, simple (min- 
imum number of steps and reagents), and stable platform 
allows the minimization of variables and is thus more 
likely to generate reproducible results. Such a method and 
a uniform specimen collection method would provide 
tools for common standardization and allow direct com- 
parison of results obtained in different laboratories. The 
use of WHO standard serum 97/550 was shown to 
markedly reduce the interlaboratory variability in the 
measurement of diabetes-associated autoantibodies (24). 

There is little that can be done to cure the disease at the 
time of diagnosis of type 1 diabetes because most of the 
beta-cell damage has already occurred. Screening for 
diabetes-associated autoimmunity, especially in the gen- 
eral population, has several problems. The huge number 
of samples to be screened is further increased by the need 
for multiple repeated tests because autoantibody serocon- 
version can take place at any age, and the early introduc- 
tion of preventive treatment may be essential for its 
effectiveness. Previous genetic screening for identification 
of the population at genetic risk can markedly reduce the 
number of samples tested, although the sensitivity of 
genetic testing needs further development. Screening of 
diabetes-associated autoantibodies in relatives of patients 
with type 1 diabetes has been a valuable tool in predicting 
progression to clinical disease and can be used for the 



identification of high-risk individuals for intervention 
studies aimed at prevention of overt type 1 diabetes. 

Reliable disease prediction is vital for prevention and 
at the moment is a target of several trials (27). The 
combination of GADA and IA-2A testing is a sensitive 
way to identify active beta-cell autoimmunity (28). In 
addition to predicting type 1 diabetes, GADA assays are 
becoming more important in the prediction of disease 
progression in adult patients initially considered to have 
type 2 diabetes. GADA positivity has been shown to be 
useful in the prediction of progression to insulin depen- 
dency in adult patients with diabetes (4, 29). 

The specificity and sensitivity of antibody assays are 
important parameters that can vary significantly, depend- 
ing on the method and performance characteristics of the 
assay. The specificity of the prediction based on a disease 
marker reflects the probability that a person testing neg- 
ative for that marker would remain unaffected. The 
higher the threshold for antibody positivity is in relation 
to values in the general population, the more specifically 
the autoantibody assay identifies affected patients, but at 
the cost of excluding patients with low autoantibody 
concentrations. The sensitivity of the prediction based on 
a disease marker reflects the probability that all individ- 
uals who develop the disease test positive for the marker 
(2, 28). Improvement of the performance characteristics of 
autoantibody assays improves their predictive value. 

According to the DASP 2002 results, the reliability of 
the new time-resolved fluorometric assay method is close 
to that of the traditional in vitro RBA, but the fluorometric 
assay is faster and the linear range is wider. The shape of 
the distribution for the correlation of fluorometric assay 
and RBA results (Fig. 5) shows that the RBA has limited 
capacity at high GADA concentrations. Calculation of the 
optimum threshold from the ROC curves (Fig. 4) gave a 
value of 177 for the maximum sum of sensitivity and 
specificity for the time-resolved fluorometric assay, which 
corresponds to a sensitivity/specificity pair (85%/92%) 
that correlates well with the DASP 2002 results (84%/ 
94%). For the RBA assay, the sum obtained, 189 (94%/ 
95%), is higher than the sum of 180 (82%/98%) obtained 
in the DASP 2002 workshop and the sum of 182 obtained 
with the RBA in the DASP 2001 workshop. In that 
workshop, our RBA had the third best performance 
characteristics of 46 laboratories participating. 

The area under the ROC curve (Fig. 4) was 0.94 for the 
time-resolved fluorometric assay and 0.98 for the RBA, 
showing that the diagnostic accuracy of both assay meth- 
ods was excellent. 

In the traditional solid-phase ELISA, the antigen (or 
antibody) is usually coated directly to the surface. This 
may alter the properties of the antigen, as we noticed in 
the early development phase of our GADA time-resolved 
fluorometric assay. We now use streptavidin coating, and 
the assay takes advantage of the bivalent nature of the 
antibody. The biotinylation and labeling conditions of 
GAD65 have been carefully optimized to achieve the best 
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analytical performance. Biotin, the spacer, and the Eu 3+ 
label molecules are very small compared with GAD. 
Detection in the ELISA involves an enzyme-labeled anti- 
body, often anti-human IgG antibody. When we tried to 
use europium-labeled anti-human IgG in the detection 
step of the fluorometric assay, problems related to non- 
specific binding arose that could not be solved. Thus, in 
the fluorometric assay, the physicochemical conditions of 
the assay are closer to those in the RBA than to the ELISA 
conditions. 

The novel time-resolved fluorometric GADA assay 
described here provides a rapid and sensitive method for 
large-scale screening for beta-cell autoimmunity. Com- 
pared with previous methods, it is simple to automate 
and can reduce reagent and labor costs. The pipetting 
steps can easily be automated, which is not readily done 
when handling solid gel material. The biggest advantages 
of this method are its ease and the reduced analysis time, 
which enable high throughput of samples. Quantitative, 
reproducible results are available in 3 h. The assay also 
has a wider linear analytical range. Moreover, the re- 
agents are stable over long periods of time, and no 
harmful radioactive material is needed. This novel assay 
should theoretically recognize all autoantibody isotypes 
and IgG subclasses, whereas methods that use protein A 
for immunoprecipitation or labeled anti-human IgG for 
detection have limitations in this respect. 

PerkinElmer Life and Analytical Sciences Wallac Oy and 
the National Technology Agency of Finland (TEKES) 
supported this study. We thank Kirsi Pakkanen and 
Susanna Heikkila for excellent technical assistance. All 
authors are members of the JDRF Center for Prevention of 
Type 1 Diabetes in Finland. 
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